ABSTRACT To quantitate the amount of right and left ventricular infarction in patients dying with postinfarction ventricular septal defect (PIVSD), hearts from 54 patients with anterior or inferior myocardial infarction were studied at autopsy. Fifteen hearts had myocardial infarction with PIVSD and 39 hearts had infarction without PIVSD and were used as a comparison group. All infarcts were sized histologically and the percent of each ventricle infarcted was quantitated by computer-assisted planimetry. The pathologic substrate for PIVSD was diffuse coronary artery disease with acute thrombosis resulting in transmural confluent infarction. Within the PIVSD group, there was significantly more left ventricle involved in anterior infarctions than in inferior infarctions (p<.04). Conversely, there was more right ventricular infarction in inferiorly located myocardial infarctions with resulting PIVSD (p= .059). When infarctions resulting in PIVSD were compared with infarctions not resulting in PIVSD, the PIVSD group was characterized by larger left and right ventricular infarcts irrespective of infarct location (p<.003). The incidence of right ventricular infarction was 100% in the PIVSD group (p< .0001). Twelve of the 15 patients with PIVSD (80%) developed cardiogenic shock within 48 hr of septal rupture. The high incidence of shock and the rapid deterioration may have been secondary to right ventricular infarction in these patients. Therefore, infarcts resulting in PIVSD and subsequent death are characterized by a high incidence of right ventricular infarction. Significantly more infarction of the right ventricle is seen in either anterior or inferior infarctions resulting in PIVSD compared with infarctions not resulting in PIVSD. PIVSD complicating inferior infarctions is associated with the greatest amount of right ventricular infarction. Circulation 77, No.1, 33-42, 1988. MANY FACTORS, both in the clinical management and pathophysiology of postinfarction ventricular septal defect (PIVSD) Pathologic findings. The mean value of the greatest diameter of ventricular septal rupture was 1.7 cm, with a range of 0.3 to 4 cm (table 1). The mean size in anterior locations was 1.5 cm compared with a mean size of 1.8 cm in inferiorly located infarctions.
MANY FACTORS, both in the clinical management and pathophysiology of postinfarction ventricular septal defect (PIVSD) have been postulated to affect subsequent outcome. Clinically, those patients who develop cardiogenic shock after ventricular septal rupture and those patients with inferior infarction by electrocardiogram have been noted to have a higher mortality.'-4 Postmortem studies have noted factors important in PIVSD to be first infarction, transmural infarction, complete and sudden occlusion of a coronary artery, limited collateral blood flow, alterations of septal geometry, infarct extension, and left ventric-ing and x-raying on receipt in the Duke Cardiovascular Pathology Laboratory. The coronary arteries were cannulated and injected with a barium-gelatin mixture and the hearts again x-rayed. The arteries were then cut at 2 mm intervals and examined grossly, and cross sections were taken for histologic examination at marked points of narrowing.
Quantitation of infarct size. Cross sections of the ventricles were made from apex to base, resulting in four to five transverse slices of approximately equal thickness. To quantitate infarct size, the basal aspect of each of these slices was photographed.
A thin section was then taken from the apical surface of each slice so as to encompass the entire circumference of the ventricles. The tissues were embedded in paraffin and 6 ,um thick sections were stained with Masson's trichrome stain. An average of nine blocks was required to process each of the circumferential slices for microscopic examination. The histologic slides were then compared with the photograph of the adjacent basal surface of each subsequent slice. Based on the combined gross and microscopic appearances, the outline of each infarct was drawn on the photograph of the heart slices. For old infarcts, a correction was made for loss of infarct mass due to the removal of necrotic muscle, as evidenced by wall thinning. In regions where the infarct was patchy, an estimate of the amount of infarcted myocardium was made to the nearest 25%. Subsequently, tracings of the photographs of each heart slice with the outlined boundaries of the infarct were drawn on an x-y digitizer coupled to a DEC-Vax 11-80 for calculation of the percentage of the left and right ventricular myocardium infarcted. 16 Generation of comparison group. To further characterize the amount of right and left ventricular infarction in PIVSD, a comparison group of hearts was examined. Our pathology laboratory had received 74 hearts through cooperation in the Multicenter Investigation of the Limitation of Infarct Size (MILIS) clinical trial. Patients enrolled in the MILIS study had electrocardiographic, clinical, and enzymatic evidence of myocardial infarction. After death, either following the initial infarction or after subsequent infarctions, all hearts from enrolled patients were submitted to our laboratory for detailed autopsy and infarct sizing. Two of the hearts had a PIVSD and were included with the 13 hearts originating from within our institution. Within the MILIS group, hearts excluded from further analysis included: nine from patients with combined infarctions involving both anterior and inferior locations, one from a patient with aortic valvular stenosis, five from patients with left ventricular free wall rupture, and 18 from patients with infarctions that were nonconfluent, patchy, and difficult to ascribe to one major coronary artery distribution. Thus, a total of 39 hearts were available to serve as a comparison group to 15 Pathologic findings. The mean value of the greatest diameter of ventricular septal rupture was 1.7 cm, with a range of 0.3 to 4 cm (table 1). The mean size in anterior locations was 1.5 cm compared with a mean size of 1.8 cm in inferiorly located infarctions.
In each of the eight patients operated on, the repaired septal ruptures were found to be closed. In two patients, however, a new septal defect was found that occurred in a different area of the interventricular septum than the initial septal rupture. In a third patient, there was dissection by blood through the septum just beyond the suture line, suggesting a second rupture was imminent at the time of death. Thus, of eight patients undergoing surgery, three (38%) demonstrated evidence of recurring interventricular septal rupture at the time of death despite adequate surgical closure of the original defect.
All three patients were operated on within 24 hr of VSD appearance.
Coronary artery disease. In all patients in the PIVSD group, occlusion of a single major coronary artery resulted in infarction of tissue within the distribution of the occluded vessel. Inferior myocardial infarction resulted from occlusion of the right coronary artery, while anterior myocardial infarction resulted from occlusion of the left anterior descending artery. All but one heart had a right dominant coronary artery distribution. Fourteen hearts showed infarction resulting from acute thrombotic occlusion superimposed on significant (>75% stenosis) coronary artery disease (table 1) .
Overall coronary artery disease in these patients was extensive. One patient (5) had an anterior infarction with only a 50% narrowing of the left anterior descending coronary artery (LAD) and one patient (6) had significant disease limited to one major coronary artery. The remaining 13 patients had either one-vessel disease with 50% or more involvement of the remaining two vessels (two patients), two-vessel disease with involve- ment of both the LAD and right coronary artery (RCA) (three patients), or three-vessel disease (eight patients). The distribution of coronary artery disease was such that in the 11 patients with significant twoor three-vessel disease, the coronary artery that potentially would have supplied collateral flow to the area of infarction was involved by significant disease. In two additional patients, the system opposite the infarction had 50% or greater stenotic lesion. None of the patients had significant left main disease and none had isolated RCA disease. figure 2 . In anterior infarcts with complicating septal rupture 32.3 ± 9.9% of the left ventricle was involved by infarction, and 9.9 ± 8.0% of the right ventricle was involved. In inferior locations, 21 The PIVSD group differed from the comparison group in two ways. There was a higher percentage of women with PIVSD. In addition, 50% of the comparison group had a history of adult-onset diabetes mellitus, while only 13% of the PIVSD group had a history of diabetes. Overall, prevalence of coronary artery disease was similar in the two groups, with the exception of a higher percentage of left main disease within the comparison group. Because hearts considered for inclusion in the comparison group were eliminated if infarctions were patchy and nonconfluent or were evenly distributed between the anterior and inferior positions, i.e., anterior-inferior location, infarcts in both groups were similar in these respects. with PIVSD, inferiorly located infarcts were associated with greater right ventricular infarction than anteriorly located infarcts. The relationship of inferior location and the percentage of right ventricle infarcted was much less strong in the comparison group (p= .972).
Discussion
The present data support findings from previous studies indicating a relatively high prevalence of women experiencing PIVSD, the lack of a significant premorbid history of manifestations of coronary artery disease, and an early mean time from infarction to appearance of PIVSD being associated with a high incidence of shock. 1-5, The association of right ventricular infarction with PIVSD as seen in this and other studies is interesting in that many of the pathologic substrates that appear to predispose to right ventricular infarction are also implicated in the pathogenesis of PIVSD. Isner and Roberts28 noted right ventricular infarction to be a complicatior among their patients exclusive of transmural posteroseptal left ventricular infarction. In the study of Ratliff and Hackel,29 all of the right ventricular infarcts were seen to be associated with transmural infarction of the posterior left ventricle or the interventricular septum or both. Thus, in both studies, right ventricular infarction was associated with transmural infarctions and infarctions that involved the interventricular septum. Other investigators have observed right ventricular infarction in association with anterior infarction. 34 The present study is in agreement in that right ventricular infarction was observed in association with posteroseptal as well as anteroseptal infarction. In any event, right ventricular infarction and PIVSD appear to occur when infarctions are transmural and involve the septum.
The common pattern of atherosclerosis in the present series was significant stenosis of the LAD and RCA resulting in compromised blood flow to the right ventricle and to the interventricular septum. Other autopsy studies, 10 11, 3 as well as clinical series,2 3 have noted an incidence of 70% to 100% of two-or threevessel coronary artery disease in patients experiencing PIVSD. Indeed, because of the rich anastomotic network of vessels supplying the human interventricular septum, it is not surprising that multiple narrowings in the major coronary arteries are observed in most patients with septal rupture. 17 Similarly, in patients with right ventricular infarction, multivessel disease is common. Wade26 emphasized that in cases of RCA occlusion, the right ventricle receives much of its blood supply from the left coronary artery, particularly through branches that traverse the septum and supply the anterior third of the right ventricle. He further emphasized the importance of preexisting lesions in the LAD in the pathogenesis of right ventricular infarction. Other pathologic series have revealed that in cases of right ventricular infarction, severe stenoses or occlusion of the LAD and RCA are present.28 29 Haupt et al. recognized the importance of collateral flow from CIRCULATION the LAD to the right coronary system in preventing right ventricular infarction. Thus, both right ventricular infarction and PIVSD primarily occur in coronary circulations compromised by significant coronary artery disease in two or three vessels.
In this series, all except one patient experienced infarction as a result of an acute coronary arterial thrombotic lesion. In the one remaining patient a single 50% lesion of the LAD was found at autopsy. It was thought that infarction resulted from apparent vasospasm in that no thrombus was present to explain the location of the infarct and none was believed likely to have been present previously. An embolic cause of the infarct with subsequent lysis or distal migration of the embolus could not be completely ruled out, but was thought to be unlikely because of the absence of embolic sources. This represents the fifth patient reported in the literature with apparent coronary spasm in infarction with associated ventricular septal rupture. 12 14, 36, 37 Previous reports of patients with PIVSD have noted a high incidence of acute thrombotic lesions precipitating the infarctions that subsequently result in septal rupture. 10, 17, 22, 23, 35 It has been suggested that an abrupt, relatively large reduction in flow such as that produced by thrombosis or spasm could cause the intense necrosis later responsible for rupture. 2 Bloor and White38 showed that in a compromised coronary circulation with complex collateral flow, an acute occlusion will result in an abrupt reduction in collateral flow throughout the system. Likewise, right ventricular infarction complicates infarctions caused by acute coronary arterial thrombosis.26 28 29 Ratliff and Hackel29 suggested that acute coronary arterial lesions might lead to the development of right ventricular infarction by causing an abrupt decrease in collateral blood flow in severely atherosclerotic coronary arteries. Thus, for example, acute thrombosis of the right coronary results in a significant decrease in blood flow to the right ventricle with little opportunity for collateral blood flow because of obstructions involving the LAD. Likewise, this would hold true in cases of infarction with resulting septal rupture involving the RCA and LAD blood supply to the interventricular septum.
In summary, right ventricular infarction and PIVSD may have certain pathophysiologic factors in common, including transmural infarction, involvement of the interventricular septum by infarction, impairment of collateral blood flow to the ischemic region, and acute coronary arterial occlusion. 47 noted a close correlation between the amount of left ventricular infarction and cardiac index in patients dying with acute myocardial infarction. Thus, a cardiac index greater than 2 liters/min/M2 was associated with 22.0 ± 10% left ventricular infarction, compared with 46 ± 14% left ventricular infarction in patients with a cardiac index less than 2. Page et al.,48 in a classic study examining the amount of left ventricular infarction and the presence or absence of cardiogenic shock in patients dying with acute myocardial infarction, revealed that in 20 patients with shock, 40% or more of the left ventricle was involved by infarction, while only one of 14 patients without shock had lost 40% or more of the left ventricle due to infarction. The remainder of the latter group lost 35% or less.48 Interestingly, among 13 cases of acute myocardial infarction resulting in PIVSD in our study, only two patients had approximately 40% of the left ventricle involved by infarction. Indeed, Page et al. noted a range of 40% to 70% of left ventricle infarcted in his patients, while the highest percentage of left ventricle infarcted in our group was 48%. Our overall value of 27% is much lower than the reported range of infarcted left ventricle in his group dying of cardiogenic shock, despite the fact that a very high incidence of cardiogenic shock was noted in our PIVSD group. This observation may relate to accentuation of left ventricular infarction by right ventricular infarction per se or by right ventricular dysfunction due to the pressure and volume overload in these patients.
In summary, the results of the present study show that PIVSD resulting in death is a complication of myocardial infarctions that are transmural, relatively large, first infarctions. The pathologic substrate is diffuse coronary artery disease, with acute thrombosis precipitating the infarction. More importantly, acute infarctions resulting in PIVSD are associated with a 100% incidence of right ventricular infarction. Furthermore, significantly more infarction of the right ventricle is seen in either anterior or inferior infarctions resulting in ventricular septal rupture compared with infarctions not resulting in ventricular septal rupture. PIVSDs complicating inferior infarctions are associated with the greatest amount of infarction of the right ventricle. Right ventricular infarction appears to be an important determinant of subsequent clinical course in patients dying with PIVSD complicating anterior and especially inferior infarctions.
